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(57)Abstract: 

PURPOSE: To obtain a field effect transistor in which the impurity 
concentration is varied continuously in the source and drain regions. 
CONSTITUTION: A tapered side wall spacer 4a is formed on the side wall 
of a gate electrode 3 and then impurity ions are implanted thus forming a 
semiconductor region 5 (source region, drain region) where the impurity 
concentration is increased continuously as receding from the gate 
electrode 3. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The process which carries out etchback of said insulator layer, and leaves said insulator layer to the side 
attachment wall of said gate electrode after depositing the insulator layer which has reflow nature on the principal plane 
of the semi-conductor substrate in which the gate electrode was formed, The process which forms the sidewall spacer 
which is made to carry out a reflow of said insulator layer, and has an inclination on the side attachment wall of said 
gate electrode, The manufacture approach of the field-effect transistor characterized by having the process which forms 
a source field and a drain field by using said gate electrode and said sidewall spacer as a mask, and carrying out ion 
implantation of the impurity to said semi-conductor substrate. 

[Claim 2] The insulator layer which has said reflow nature is the manufacture approach of the field-effect transistor 
according to claim 1 characterized by being the photoresist film, the spin-on glass film, or the BPSG film. 
[Claim 3] The field-effect transistor obtained by the manufacture approach of the field-effect transistor according to 
claim 1 characterized by being high continuously as the high impurity concentration of the semiconductor region which 
constitutes a source field and a drain field separates from a gate electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacturing technology of a field-effect transistor (Field Effect 
Transistor;FET), and is LDD (Lightly Doped Drain) especially. It applies to FET which has structure and is related with 
an effective technique. 
[0002] 

[Description of the Prior Art] As a technique which eases the high electric field generated at the drain field edge of FET, 
and controls the hot carrier effectiveness, the technique which constitutes the drain field of FET from LDD structure is 
well-known (JP,51-91675,A, JP,53-20776,A, etc.). 

[0003] A low concentration semiconductor region (a source field, drain field) is formed by using a gate electrode as a 
mask, and introducing a low-concentration impurity in self align and diffusing this impurity in the principal plane of a 
semi-conductor substrate continuously first, in order to form FET of LDD structure, for example, as indicated by JP,61- 
43847,B. 

[0004] Next, on a semi-conductor substrate, a CVD method is used and an insulator layer is deposited. Usually, this 
insulator layer consists of silicon oxide film, then, this insulator layer — reactive ion etching (Reactive Ion Etching;RIE) 
— a sidewall spacer is formed in the side attachment wall of a gate electrode by etching by anisotropy dry etching 
method like law. Then, a high concentration semiconductor region (a source field, drain field) is formed by using this 
sidewall spacer and a gate electrode as a mask, and introducing a high-concentration impurity in self align and diffusing 
this impurity in the principal plane of a semi-conductor substrate continuously. 

[0005] When forming FET of LDD structure, if the high impurity concentration of a low concentration semiconductor 
region is too low, source resistance (Rs) will increase and a mutual conductance will fall. On the other hand, since high 
electric field cannot be eased if this high impurity concentration is too high, the hot carrier effectiveness cannot be 
controlled. 

[0006] Therefore, in order to realize detailed-izing of FET, and improvement in the speed, it is necessary to optimize an 
impurity atom concentration profile by changing as continuously as possible the high impurity concentration of the low 
concentration semiconductor region of LDD structure, and the high impurity concentration of a high concentration 
semiconductor region. 

[0007] In order to change the high impurity concentration of LDD structure continuously, how to form the sidewall 
spacer of two or more layers in the side attachment wall of a gate electrode can be considered. After this forms the 1 st 
sidewall spacer in the side attachment wall of a gate electrode and performs ion implantation of an impurity, the 2nd 
sidewall spacer is formed in the side attachment wall of this sidewall spacer, it uses the 1st and 2nd sidewall spacer as a 
mask, and it performs ion implantation of an impurity. 

[0008] Therefore, since high impurity concentration can form the source field and drain field which consisted of 
semiconductor regions of three or more layers which change gradually by making high gradually the count repeat of a 
request of the above processes, and high impurity concentration of ion implantation, it becomes possible to change high 
impurity concentration continuously compared with the usual LDD structure which consists of two-layer semiconductor 
regions (a low concentration semiconductor region and high concentration semiconductor region). 
[0009] 

[Problem(s) to be Solved by the Invention] However, since the aforementioned conventional technique of forming the 
sidewall spacer of two or more layers in the side attachment wall of a gate electrode, and performing ion implantation of 
an impurity needs to repeat formation and ion implantation of a sidewall spacer and needs to perform them, it has the 
problem that the production process of FET will increase sharply. 
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[0010] The purpose of this invention is to offer the technique in which the high impurity concentration of the source 

field of FET and a drain field can be changed continuously, without increasing a production process. 

[001 1] The other purposes and the new description will become clear from description and the accompanying drawing 

of this specification along [ said ] this invention. 

[0012] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained among 
invention indicated in this application. 

[0013] The manufacture approach of FET of this invention to the principal plane of the semi-conductor substrate in 
which the gate electrode was formed For example, after depositing the insulator layer which has reflow nature like the 
photoresist film, the spin-on glass film, and the BPSG film, Carry out etchback of said insulator layer, and it leaves said 
insulator layer to the side attachment wall of said gate electrode. Subsequently, after forming the sidewall spacer which 
is made to carry out a reflow of said insulator layer, and has an inclination on the side attachment wall of said gate 
electrode, A source field and a drain field are formed by using said gate electrode and said sidewall spacer as a mask, 
and carrying out ion implantation of the impurity to said semi-conductor substrate. 
[0014] * 

[Function] According to the above-mentioned means, by using as a mask the sidewall spacer which has the inclination 
formed in a gate electrode and its side attachment wall, and carrying out ion implantation of the impurity to a semi- 
conductor substrate, the concentration of the impurity introduced into a semi-conductor substrate becomes high 
gradually as it separates from a gate electrode. Thereby, high impurity concentration can form the source field and drain 
field which changed continuously, without increasing a production process. 
[0015] 

[Example] Hereafter, the example of this invention is explained to a detail based on a drawing. 
[0016] the semi-conductor substrate 1 top of half-insulation which consists of GaAs as this example is applied to the 
manufacture approach of GaAsMESFET and it is first shown in drawin g 1 - molecular beam epitaxy (MBE) — after 
depositing the GaAs layer of n mold in law and forming the channel layer 2, as shown in dr awi ng 2 , dry etching of the 
electric conduction film deposited on this channel layer 2, for example, the tungsten silicide (WSi2) film deposited with 
the CVD method, is carried out, and the gate electrode 3 is formed. 

[0017] (Next, the insulator layer which has reflow nature on the semi-conductor substrate 1 as shown in drawing 3 , for 
example, BPSG, (Boro Phospho Silicate Glass) After depositing the film 4, as shown in drawin g 4 , etchback is carried 
out to extent to which the upper limit of the gate electrode 3 exposes this BPSG film 4, and it leaves the BPSG film 4 
only to the side attachment wall of the gate electrode 3.) As an insulator layer which has reflow nature, the other, for 
example, spin, on-glass film, the photoresist film, etc. can also be used. [ film / 4 / above-mentioned / BPSG ] 
[0018] Next, by carrying out a reflow of the BPSG film 4 which heat-treated the semi-conductor substrate 1 and 
remained in the side attachment wall of the gate electrode 3, thickness forms gradually sidewall spacer 4a of the shape 
of a taper which became thin as are shown in drawin g 5 and it separates from the side attachment wall of the gate 
electrode 3. 

[0019] Next, as shown in d rawi n g 6 , sidewall spacer 4a of the shape of the above-mentioned gate electrode 3 and a 
taper is used as a mask, and ion implantation of the n mold impurity (for example, Si) is carried out to the semi- 
conductor substrate 1 . Since it is becoming thin gradually at this time as the thickness of sidewall spacer 4a separates 
from the side attachment wall of the gate electrode 3, the concentration of n mold impurity introduced into the semi- 
conductor substrate 1 becomes high gradually as it is the lowest directly under [ side-attachment-wall ] the gate 
electrode 3 and separates from the gate electrode 3. 

[0020] therefore, the thing for which the semi-conductor substrate 1 is heat-treated and the above-mentioned n mold 
impurity is diffused after that — drawing 7 (a) and (b) The semiconductor region 5 (a source field, drain field) which 
separates from the gate electrode 3 and where it was alike, and it followed and high impurity concentration became high 
continuously is formed so that it may be shown. 

[0021] Thus, since the impurity atom concentration profile of a semiconductor region 5 (a source field, drain field) can 
be optimized according to the manufacture approach of this example, without increasing a production process, reduction 
of source resistance (Rs) and control of the hot carrier effectiveness can be reconciled, and detailed-izing of 
GaAsMESFET and improvement in the speed can be realized. 

[0022] As mentioned above, although invention made by this invention person was concretely explained based on the 
example, it cannot be overemphasized that it can change variously in the range which this invention is not limited to 
said example and does not deviate from the summary. 

[0023] The insulator layer which constitutes a sidewall spacer is not limited to the BPSG film mentioned above, the 
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spin-on glass film, the photoresist film, etc., and if it is an insulator layer which has reflow nature, it can use the thing of 
arbitration. 

[0024] Moreover, it replaces with the side attachment wall of a gate electrode at the approach of said example which 
forms a taper-like sidewall spacer, and the ion implantation of the impurity may be carried out using the photo mask 7 in 
which the protection-from-light pattern 6 which becomes coarse gradually was formed as are shown in drawing 8 and it 
separates from the gate electrode 3. 

[0025] Although said example explained the case where it applied to GaAsMESFET, it is widely applicable to FET 
formed in compound semiconductor substrates and Si semi-conductor substrates, such as InGaAs, InAlAs, and 
InGaAsP. 
[0026] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among invention 
indicated by this application is explained briefly. 

[0027] Since the impurity atom concentration profile of a source field and a drain field can be optimized according to 
the manufacture approach of FET by this invention, without increasing a production process, reduction of source 
resistance (Rs) and control of the hot carrier effectiveness can be reconciled, and, thereby, detailed-izing of FET and 
improvement in the speed can be realized. 



[Translation done.] 
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[Drawing 8] 
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